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IHTRODDCTIOU 



The design of a relnforottd oonortte railway aroh 
was undertaken by the writer, as a thesis problem. 

The general form of tables and sequence of opera- 
tions in design were obtained from a set of notes furnished 
by S. Elnne, Associate Professor of Struotnral Ingineer- 
Ing, UnlTerslty of Wisoonsin. 

Information, methods of prooedxire, and formulae 
were obtained from Yarious books, the principal ones used 
being: 

modem framed Structures, Part I 

by Johnson, Bryan and lurneaure 

Principles of Beinforced Oonoret Oonstruotion 

by Tumeaure and Maurer 

Beinforced Concrete Oonstruotion by Hool 

Concrete, Plain and Reinforced by Taylor and Thompson 
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SHE JXBSIGH OF A BEIIFOBCS]) COHCBfiTS RAILWAY ABCH. 



Spaa 64* -0** filat 16' -0** Batlo of rise to spaxi .SS 

QSNSBAL MICA 

£l8« X6»-0" 
Span 64 '-0" 

]>«pth of •arth fill OTar crown S'-O" 

fitptli of ballast above aarth filling to base of rail l'«6" 
liYt load Coopars' 1 60 



Pa5e of Roil 




Pl». I. 



lOADISQS 

Dead load. Aotual waight of materials. 

Sarth fill (sand) 1£0 lbs per ou. ft. 

Concrete, including reinforcement 160 lbs per on. ft. 
Ballast, ties and rails £00 lbs per lin. ft. 

XiTe load. 

A uniform load equivalent to Coopers' 8 60. 
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Top of Eovth mi 
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F»». 2.. 

fh« •txdTslent xmlform load is that load nhiob will produoa 
th« same bendisg noment as th« oonoentrated loads of 
Coopers' S 50, in a bean ibost Itngth squala the length 
Of spaa loaded. 

She load is assnned to be distributed oyer a width of 14' -6" 
as shoma abovt. 

let w « equivalent tiniform load per lineal foot per 
foot width in potmds. 
m * moment for a single traok in a beam of length 

1, in foot pexinds. 
1 - length of span in fett. 



From table on page 24S of Part X, Modem framed Struotures, 

m for one: rail « 1,819,400 foot pexinds for a bean 
of 64 '-0" span. 

tor l/S span or 8£«-0" 



OOIDIIIOHS OF CAlCULAIIOfiS. 



610 lb». per 5q.J+. 



S» 50,000,000 lbs. per sq. inoh. 
Ic « 8,000,000 lbs« per sq. inoh. 
n - 16 

% ' 600 lbs. per sq. inoh ezolusive of temperature 
stresses. 

^ » 760 lbs. per sq. inoh Inoluding stress due to £0*F. 
variation. 

h 15,000 lbs. per sq. inoh inoluding stress due to 

SO* F. variation. 
Tension on eonorete to be neglooted. 

lUuKimum shoar allowed on oonorete, 76 lbs. per sq. inoh. 
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DST£B1CL]|ATI0]I OF THE THICEHESS OF THE ARQE HOO. 

Zh« thlo]cn«88 of th« aroh ring of the orovn was dfttein* 
in«d fxcm the following cmpirioal formulM: 

F. F. W«ld VoTtaalB,. 

where d» depth of crown in inches 
8 • alear span in feet 

w » liTe load lbs per eq. ft. nnlforaly dietributed 
p» weight of deal load above crown in pounds per 
sq* ft. 

S • 64' -0" 

w - 490 powiAs 

p - Aeetaae 18' 

p » (150 jt. -h t-l^ZO) + zoo - 66S IbA 

d • TiT + o.i(64-j o.oos^do) ^0.002.5 (&65) 

d- & + + 2.4-5 i- 1.66 « )6.5|" 



I}. B. Luten Formula: 

d» ^^Ji^^kjL^^rjLLS^ or Lm(g^gW] 
^ 4000r-5» \.«50000r ISOr J 

S « 64* -0" 
n « U'-O" 
F = 3.5 
It * 490 
la • 1S8.75 

-4.00o(|6j- 64.* "'"l30OOo()6) ^''^ \50A\€, 
d • + 5.4-5 +(4-. » O or »J 



Balet Formula for an aroh of less than 1/3 the span. 

d- 3.333 n 1-0.001 

reduce 15^ 
S « 64' -0" 

to • 16'- ».5+£ - \S.Z5' 
f c - 2.50 * i SOO 

YauueofVY. W-(i + d + Kr)f x»30 
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W - vtight in poTuada of l/Z the aroli 

f ~ fill OTor oroim in ftt«t - 9.5' 

d * aBSTUDttd depth of aroh ring in feet • • • X«6' 

r * rise feet -Ift 

• > spaa feet -64 

k * factor from table - . 266 

W - 9.1 »^ 32 '«-»3o - 5T,0oo lb*. 



depth - ^^j* ot crown 



Vertical depth springing - 2;^ i&s « 

She depth of arch ring at erovn was taken as the average 

▼alue of the above deteiminatlons. 
The depth of springing was made twice the crown depth. 

DBTBBUISATIOS 07 THE CimVATUHS OF THE ARCH AXIS. 

A trial aroh was assumed in which the cnrves were taken 

as segments of circles. 
She depth at crown was taken as 161^** and at springing 

as 33", from the previous determinations. 
She radii of curves were found by means of the following 

formula, the chord and mid-ordinate being respectively 

the span and rise. 

fiadius (k Choro)^ + (Mio- oKoinATe )^ 

2x> M»0-OR0INATB 

XfilSRMIirAIIOH OF DEAD LOADS AJ9D TESXE ACTIOS LIEES* 

She horizontal distance between springing lines was di- 
vided into SO e^ual divisions, ten on each side of the 
crown* Vertical lines marking these divisions vere 
drawn ftom the Intrados to the top of the ballast. She 
actual load on the arch was then reduced to an eqidva* 
lent concrete load of 150 lbs. per cubic foot and the 
reduced load contour plotted as shown on Plate One. 
She values were taken from Sable 1-a (see Page 6). 
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COMPOTATIOh or I^EPOCeO LOAD COMTOUR. AMD DCAD LOAOS 



HORIIOMTAL 

DisTAMce nw 
Crown 


OF 


Dfpth or 
Arch 


Keooced 

^ w k> V 

Pepth of 


f?FDUCED 

>\> K> IX^y V* I— 

Pepth of 


Total Elou. 
Perth OF 


AVEjeA<&E 


OF 





2.0 


I.31S 


1.60 


1.33 


4.30S 


>4. 35 


2090 


3.2. 


2. 1 


1.36 


J. 66 


1.33 


4.39 




2\90 


6.4 


2.5 


».40 


2.0 


133 


4.T3 


S.oo 


2400 


9.6 


-3.J2 


1.4S 


2.30 


1.33 


5. 28 


5.65 


27 »0 


J2.6 




I.50 


3.20 


K33 


6.03 


6.36 




16.0 


5.20 


».60 


>4.»6 


).33 


T.09 


7.71 


3700 


»9.2 


6.65 


I.70 


5.31 


1.33 


6.34 


9.> 1 


4370 


22. A 


6.45 


J. SO 


6.76 


1.33 


9.89 


tO.69 


5230 




»0.70 


2.00 


a.56 


1.33 


11.69 


I3.\3 


63<?o 




I3.40 


2.35 


t0.70 


1.33 


14.56 


»S.90 


7640 




16. TO 


2.75 


»3.3S 


1.33 


n.43 






TR\Al--^\6HT HALF 


O 


2.0 




).60 


1. 33 


4.305 


-4.35 


2090 


3-2. 


2.1 


1.59 


1.66 


1.33 


4.40 


>4.S3 


2175 


6.4 


2.4 


1.41 


1.92 


1.33 


4.66 


>*.88 


2450 


9.6 


2.. 9 


I.4S 


2.32 


1.33 




5.41 


2€.00 


»2.8 


3.6 


I.S2 


2.66 


».33 


5.13 


G.n 


2960 


16.0 


4.6 


\.GO 


3.66 


1.33 


6.61 




3420 


19.2. 


5.75 


1-72 


4.60 


1.33 


7.65 


6.2.9 


39©C? 


22.4- 


7.2 


».65 


5.TS- 


1.33 


6.93 


9. 68 


>*740 


25.6 


©.95 


a. 35 


T.I5 


1.33 


10.63 


)2.2.0 


565 


zs.a 


) l.oo 


3.45 


S.60 


1.33 


13.56 


15.76 


7560 


32. 


^3.45 


5,90 


»0.75 


1.33 


n.98 
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The ttqulralent depth of oonorete,* the rertioal depth 
of aroh ring + 120 x depth of earth filling ^ 200 

(liallast}, was laid out from the Intrados and the Ee- 
dtioed Load oontour drawn throng the upper lialts of 
the distanoes so laid out. All measxurements were made 
in fett. 

She enount of the dead load for eaoh divisiou was then 
determined. She Tolume between two longitudinal 
planes, one foot apart. and two vertioal planes, perpen« 
dioular to span length, passed through the rertioal 
division lines, included between the reduoed load 
eontour and the intrados, multiplied by 150, gave the 
amount of the dead load for eaoh division. 

She aetion line of eaoh load was taken through the een* 
ter of the seotion. 

She next step was to pass an e(iuilibriuB polygon through 
the centers of the aroh axis at the springing line and 
the crown, by a graphical method. Shis was done in 
the following order: (See Plate I, left half of arohi 

1. She lead line m>n was laid off first to a scale of 

1" - 6,000 lbs. 

2. A trial pole was taken on the horizontal f^om n 

the point representing the end of the load nearest 
the crown. 

9. Bays were then drawn from the pole to the load 

points as shown and the corresponding string pely> 
goa drawn between the load lines. She first and 
last rays were drawn to an intersection, which in- 
tersection is on the vertical containing the cen- 
ter of gravity of all the loads on that half of 
the arch. 

4« In any arch the horizontal ray through the center 
of the aroh ring and the ray throu^ the center of 
ring at the springing line will intersect at the 
vertical line drawn through the center of gravity 
of the loads on the half of the arch. She hori- 
zontal was then drawn through the arch axis at the 
crown to the intersection point with the vertical 
containing the c«iter of gravity of the loads. 
From this point a line was drawn to the point at 
the springing line on the aroh axis. Then a line 
from m parallel to the line just found intersects 
the horizontal from n at the true pole. She true 
pole having been found, the true equilibrium poly- 
gon was drawn and found to be some little distance 
above the arch axis. 
It was then necessary to draw a second aroh and for this 

second trial a three centered arch was drawn by the 

following method: 



Digitized by 



Digitized by 



Google 




In this oa8« • was ta]c«n bm 965 x half span, and was 
found to bs »66 x Z2 " SO. 8' from the or own. At this 
point a Tertioal was drawn and th« ourvss for ths aroh 
axis and ths intrados laid out as far aboye th« squi- 
librituB polygon as ths first assxuntd axis was below. 
The eztrados was made the segment of a oirole. She 
aroh ring was made the same thiolmess as the first 
trial ring except at the springing point where its 
depth was inereased somewhat. 

fhe dead loads and their aotion lines were found for 
this new condition and a second eqnilibritim polygon 
drawn on the right half of the arch. The second part 
of Table 1*« contains the values for the second trial. 

She eqnilibritOD polygon was found to coincide almost 
exactly with the arch axis for this trial, and the 
arch as laid out was adopted. 

IHALYSIS 07 STBSSS IS ^CH RIBG. 

the dimensions of the aroh ring having been established, 
the maximum stresses were then determined to find if 
they fell within the allowable valtues. 
The steps were as follows: 

1. The aroh was carefully laid out to a scale of l^s 
Z feet, Plate II, and the dimensions and radii 
shown. 

S. The arch ring was divided into eight divisions so 
that ds was a constant. 



(a) She length of the arch axis between the crown 
and the point of intersection on the axis of a line 
connecting the center of the extraidoa curve with 
the point where a vertical at the springing inter* 
sects the extrados, was computed. 
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Itngtli of the aroh axis so found was dlYi> 
ded into ttn •qual parts and the radial depth at 
eaoh division, of the aroh ring, soaled and entered 
in Sable 1-b. 



TABLE 



TluMSER. or 


Dl5TA«CE 
FROM CitOWti 


i^AOieL PEPTH 


Crown 


O 




) 




1.3© 


2. 


6. ©2. 


U39 




JO.2.3 


1.4-1 


A 


\2.Q>A 


1.45 


S 


\'\.OS 


\.s\ 


e 


2LO.A-6 


1.58 


7 






ft 




Z.oo 


3 


2>0.6>9 




Springing 


54-. lO 


3.£S 



(b) The value of i« was then oompated and Xable Z 
drawn up. 

i« was detensined aooording to Art. 178, I. & 

H. 

Ic and Is were detexmined from formulae on 
Page 100, T. & IL 

Ihe amount of steel reinforoement was taken as 
0.7^ at both the extrados and intrados and depth 
of steel from surfaoe of oonorete as 2" 

(o) She value of ds eonstant was oompated from 
formula ^ . Si^ (Page 342, T. & IL ) 

(d) She value of ds having been found the lengths 

T 

of the ds divisions were determined graphioally by 
T 

Curve 1. She lengths of the ds divisions were 

T 

soaled from the curve sheet and entered in Sable 3. 
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TABLE E., 
COMP0TATI0H5 FOR. VALUE OF 



PoiiiT 


Depth or 
Cfmter K 




12. 


h 

"35" 


2 


V/. ^ 






/ 

r 

J 




I • i-' 










ISO 


OS5 






1 


1 3d 








4^ 




05^ 


2.75 




> 










4-45 




057 


2-00 


3 S7 


3 


1 1 








.4-55 






2.93 


3 4.1 








.25-4- 




4-75 




0&5 


. ^ 1 ^ 








3 4-4- 




755 




2S5 


074 


• 










.32s 


.79 


SA 


.291 


.054- 


.412 


2.43 


7 


I.70 




.-4.09 


.85 


.60 


.36 


,\OA 


.513 


1.95 


8 




&.00 




\.oo 


.75 


.562 


.162 


.528 


K2I 


a. 5 


Z.ZA 


n.23 


.936 


I.I 2 


.67 


.756 


.21© 


1.154 




9 


Z.5Z 


16. OO 


1.332 


1.26 


I.OJ 


U02 


.294. 


1.626 


.6»5 


Spring 




34.53 


2.S60 


1.625 


1.375 


). 69 


.545 


3.405 


.29 



A ".OOT \ ^ \. 375 » .OOS€» s><{At. 
" 2-7^)5 J'.0096 - .2 OS 



TAOLE 3. 

LEli6TH» OF OW15\OM5 TO MAKE ^ COjlSTAriT 
tm CEriTE1^5 OF Divisions' C0-OR.0)MATE5 



Number, or 


Leri6TH 




X 




1 


2.8e 


1.44 




2 


2.»9 


4.31 


.20 


3 


2.93 




.55 


4 


3.03 




). »o 


5 


3.32 


\3.2f 


1.56 


6 


3.72 


16.60 


2.97 


7 


4. 3S 




4.50 


6 


I U04 


26. 90 


©.4-5 


Spring m9 


34.14 


3). 00 


12. \0 
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(t) fhtt Ungtlis of the de diYlalons w«re laid off 

T- 

on the aroh axle, and the oentere located and ntn* 
bered from 1 to 8 teglnnins at the oroim. The 
yalues of the z and y coordinates were then scaled 
and entered in Table 9. The crown point of the 
arch axis was taken as the origin of coordinates, 

3. The Talues of the dead loads and the x coordinates 
of their action lines were then fonnd and tabula- 
ted in Sable 4. 



TABUE 4. 
V/^tUES OF THE DEAP AND THE 

CO-OKDmfKTti Of THEIR. ACTIOn UME5 



Load 


X 


Amoon-t of 


Mumber 


Co-ordmaie 


Load 


f; 


).& 


2090 






2 ns 


Pa 




24SO 






2600 


p* 


)A.A- 


29eo 


P* 




3420 


P» 


ZO.Q 




p» 


24.0 






27. E 






30.A- 


7560 



4, Sezt the arch was asstuaed to be cut at the crown 
foming two cantilcTers. The cantilever moment 
'n'for the dead load was then computed. The yalue 
of Mx. represents the moment at each of the 

diTision center points due to the loads between 
the point considered and the crown, for the left 
half of the arch, while m,^ equals the moment for 
the right half. 
As the arch is eymmetrioal about the i the dead 
load moments for each half are equal. 

foK. Dead Load Mu" Mr. 

A moment table was then made out (Sable 6) and the 
yalues taken at the points desired, the centers 
of the ds divisions. 
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TABLE 5 

CAnTlL£VER MOMCnT TPiOLE FOR. DEAD LOAD On ARCH 



roini 


Crowm 


LoftP 
AT 

Po)nT 


5UM OF 
LOAD5 


DiSTilflCE 
BETWECn 

PoirtTS 


InCREMENT 

or 

noMEriT 


rioh^cn » 


roiMT 


Crown 


OO 


00 





1 >l A. 

1-4+ 









1 


1.44 









1 


.16 






I.GO 


«a ^% 









A.7 1 




c 








5 vGO 


2 


.49 


\ 4i 


fk 


-4. so 


A) 75 




^ X^ A CP 








3 


7 .cO 




4£65 


17.355 


3 


AO 






6.0 






20,775 




^ 1 A 


1 ^ ^ e=» 


4- 


\0.\Q 






35,425 




1 

1 . 






n.2o 


z&oo 


931S 


42. 215 




2. OS 


I \ xs ^\ 


Ma 

S 








^ • ^ «B 

^1.375 




\ t 


lU, (WW/ 




V4.40 


Z9Q>0 




72,07s 










16. bO 




1 2,Z75 


39,07-S 


/• 


1.0 


\ ^ x^ 






34Z0 


I 5;6d5 


n \ , 355 




Z.(0 




7 


2.0. 30 






153,755 


7 


0.5C/ 


T o50 


"1 












3.£0 


63,000 


ro 




-47-+ C/ 










1),OOo 


ft 


Z6.90 






295,600 


ft 


0.30 








S»50 




302,930 




3.20 






30.40 


7560 




400,930 




o.eo 


. Z£,700 


Spring 


31.00 






31.00 




423.630 


Spring 



MOH CHECK. 11.2 >^37,fi25 • 424,000 
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5« Ih* oantilayer momente for the liT« load w«re then 
oo0pat«d with the llye load on the left half of 
the arch only* This load was determined on Page 
Z, and found to be 625 pounds per square foot. 
Values were tabulated in Sable 6. 



TABUE e 

CAnTILEVeR. MC^MEMT TABLE fOK HYE LOPiV OH HALF 5PA« 





DlSTAHCE 
rROM 


AT 


o r 

1 ^ f-N 


^^^^ * WW P« k i 1 

PoiMT^ 


Imcrehent 

OF 


MOKIEMT 


OL + LU 




L^ 




/s 










1 












O. 1 ^ 




n 




'2b ^ c% n 








2. c 1 




A. 






^ooo 








^> .>N 








A ^\ 






Z.-40 




■at 
O 






Ji iO O 






. O V 




fa 






^ ooo 


\ Ok ^ ^\ <s 




9 1 A 
>!• 1 O 


1 ^,OoC7 








V^C? C>C/ 


3 2,2oO 




I.02 


& 1 20 




) 1.20 




©ooo 






2.05 


1 £y4-00 












I Ife, \ CO 


1. 15 


^% 








\o,ooo 






2.20 


2ZpOO 








1 V^j w 






l.oo 


10,000 






zooo 


i2,000 


96,000 




2.70 


32,400 


7 


2a 30 




J2,OOC? 


1 2.©, -400 


2S2.J50 


0.50 


GOOO 




20. eo 




|4,ooo 


134,400 


1 


3.20 








2000 




n9. 200 




Z.90 


A6.AOO 


& 


26. 90 






225.600 


S2i,2oa 


0. 30 


A&OO 




2T20 


2000 


Id, ooo 


230,-400 




3.20 




ffo 


30.40 


2000 


20,000 


E0S,ooo 




.60 


\Z,ooo 


■SpR.m& 


3I.OO 


2CiOOO 




300,00© 


723,600 







Mom. check, is j< 20,000 » ^00,000 
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6. Tht oaxitll»Ter »om«nt« for the lirt loai on tlx« 
irtxole span wer« then computed. The aroh being 
aynmetrioal the lire loads were proportional and 
fable 7 was made out from Table 6 by mttltiplying 
the Taluei of Table 6 by the ratio of the lire 
loads 500 « .8 



TABLE T 

CAMTILEVEI^ MOMEMT TABLE - LIVE LOAD Oti WHOLf ^PAN 





"m"- LL on 


"m' ^ L.L. ON 
YVhol-e Span 


m. DL^LL 
OH Whole 5p/^h 










a 






\o,ooo 


3 


)C,000 


\Z,300 














S4,&00 


eoo 




6 


36,000 


65, S>00 


e>io 


T 




\ 0^,100 


256,4-50 


S 






>f 75,600 




zoo,ooo 


ZAo,000 


663. 63 O 



7, Stunmation tables were made out and the yalues of 
H» , To , and He were oomputed for the following 
oonditions: 

I. Dead load only. Sable 8. 
II. LiTe load on 1/2 span, Table 9. 
In Sable 8 the ralues of mt^ and mu are for dead 
load only and are equal in amount. They were 
taken directly ftom Sable 5. 
In Sable 9 the Talues of m^ 9x% zero while the 
values for mi. are taken from Sable 6. 
The Talues of the x and y eoordlnates were taken 
from Sable 5. 

The formulae for Eo, T« , and Me were taken fr<»i 
Page 358, T. & M. , due attention being paid to 
the signs. 
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SUMMATIOM TA0LE 



peap v-oftp oni-Y 



fblHT 


X 


y 


X* 




{2f 


I—) 








1^ w 


/ 




.01 




















2 


4.31 


3L0 




/)4 


5QCO 






2Z60 










.55 


SI. 34 




n ^55 




^4.710 


I9JOO 








10.13 


J JO 


W4.00 


/z/ 


^5.4Z5 


AS 


70.050 


70,000 








13. £5 


1.38 


I76.00 






mit. 


IZZ.750 


z^i. 000 






6 


I6>.60 


t.97 






9^.07f 




196. ISO 


590.000 






7 


ZO.30 


A.SO 


4(Z. 


zo.zo 


if 3,700 




307,^00 


1 505.000 






8 




6.A5 


ItA. 


11.50 


Z95.C00 




S9I. ZOO 














n^4.50 


105.00 


6^6,190 




1,^96,300 


7.305,560 







tH2.my - %m 2v _ ftp- T,505.3feoJ - (- 1. 5?6.3gO) tg.gJ 



Mc 



2. ix*" 



2.rs 



TABLE 9 



UVE LgftP OH HALF gffiW 



foiicT 


?4 


y 




















\.44 























% 




.20 













woo 






3 




.55 









\e>,ooo 




0000 




1)5,200 




10.18 


\.\o 


AS 







3l.zeo 




55.500 


AS 


329^000 


5 




1.88 









34,000 




\05,ooo 




T26.0O0 






2.97 









&&,ooo 




255,000 


CXCCPT 


1,430,000 


7 


2030 


•4.50 









\ZO,A-oo 




37&.0<?o 




Z.C\0,000 


& 













ZZ5.60O 




K 905,000 




S,540,000 


2. 




)9.67 
















\\,07Z,6OO 
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v.. +3^2i5°2-- + 5,40 lb*. 



2. A O 



With the raluaa from Sabl«« 8 and 9 the H . Y , and 
M for th« following. three eonditloas of loading 
were obtained: 

Case I Dead Load only. 

Qaee II Dead Load -i- Live Load on half span. 
Oase III Dead Lo«d Lire Load on ^ole span. 

Case I 

H. - 86,1001b*. e. -2TgO -.0776 ft. 
V*. - SBIOO " 

Mo - - 8720 f<.i*»> 

C|«e II 

H. • 55,100 + 13,400 - 48,600 

V. - -I- 5140 - 3140 lbs. 

M * - - B720 + 1410 - 1310 

e - -1310 -f- 48,600- -.087 ft. 

Case III 

E. - 35, 100 -l-8( 13,400) |||» 66,600 

To - 

H« » -2720 +8(1410) 4^ - - 460 

• - -460 66,600= -.00816 ft 

8. She force polygons and equllbrltoa polygons were then 
drawn for the three eondltlons of loading. lihe 
true pole was found by the method given on Page 
347, T. 9a H. She amounts and directions of the 
forces haying been determined fjrom the force pily- 
goa the equilibrium polygon was easily drawn. 

for the first condition, dead lead only, the force 
polygon was drawn on the yertical through the left 
springing and the equilibrium polygon on the left 
half of the arch. 
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Vox tilt eteond oonditlon, d««d load plua lira load 
on half apan, tha foroa polygon was draan on tha 
Yortloal through the orown and tha equillbrliai 
polygon on both Taluas of tho aroh. 

lor the third eondltion, dead load plua lire load 
on tha idiole apan, the foroa polygon was drawn 
on tha Tertieal through tha right apringing, and 
tha aquilibriua polygon on tha right half of tha 
aroh. 

▲11 aqullibrixoB polygons ware drawn by starting 
from tha orown. 

Plata two shows the above work. 

9« She banding noaanta, thrusts » sheara, and eooentrio 
distanoas at the oentera of tha eight da divisions 

of tha aroh ring were determined for the three oon- 
ditions of loading. Tha values were entered in 
Cables 10, 11, and 12. 

She banding moment at aiiy point waa found by formu- 
la 4, Page T. & H. 

She Ihxdttg and^aheats were determined graphioally 
from the force polygons, the thrust being taken as 
the oomponent of the resultant pressure parallel 
to the arch axis, and tha ahear the exponent per- 
pendioular to the axis. 

TABLE \0 
BEJlDmS W0MmT5, THR05T5 AMD 

Ho - 3B.JOO .Jb* 
V* - O 

Mo » -2720 ft. Iba. DEAD LOAD OHLY 



FblHT 


m 


y 


Hoy 


X 






M 














+ A-ZS.OOO 






~ 2720 


- 1350 


5\.600 


.026 


- 900 


6 


- Z95,b00 


5.AS 


+ 296,5(70 






- 27EO 


-\&20 


><-2,700 


.0A3 




7 


- 153,750 


4-. 50 


\5&,00O 






- 2720 


*■ »530 


36.AC0 


.040 


+ 000 




- 9%015 


Z.97 


f 104,200 






- 272C7 


+ 2.A05 


37.200 


.06S 


+ aoo 


S 


- 6\,31S 


I.©© 


♦ 66,0O0 






- 2720 


+ \905 


36, 200 


.OS3 


+ 700 


A 


- 35,425 


I.IO 


3 6.60 O 






- 2720 


+ •455 


35.700 


.013 


••■ *oo 


3 


- 17.335 


.55 








- 272© 


- 775 


35,30 


.022 


+- 900 


2 


- S&60 


.20 


+ 7.000 






- 2720 


- \^30 


^5,\00 


.033 


I- 1000 


1 


O 


.02 


+ TOO 






- 272c 


-ZOZO 


SSJOO 


.053 


lOOO 




o 


O 


•»- 






- 2720 


-2720 


35, ^OO 


.011 






M- m Mo \ioy ±- VoX 

Left HftLf « + Yo k K)6ht Half - - YoX 
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TABLE )l 

DErtDine M0MEnT5, THRU5T5 AMD ^HE/^W 

Mo- ~ I3»0 ft. »b». DL + LL OM LefT Hauf Spam 





R>I«T 


m 


y 






Vox 


Mo 


M 












- Ud.60o 


»e.io 


*-5tG.ooo 


51. 


97,500 


-»300 


- 4L400 


73,000 


.966 


- 2.900 







-sz\.zoo 


0/(5 


*A\o,ooo 


26-9 


+ fl4.500 


«• 


- te,0O0 


6),300 


.456 


- 500 


IL 
J 
< 


7 


- ZtiZ,\50 


4.50 


*Z\6.OO0 


20.3 


+ 63.700 


» 


- 1 750 


54.300 


.032 


- 2000 


6 


- \85,(n0 


297 


*■ [AAJDOO 


16.6 


♦ 52,100 


N 


*■ 9730 


52.200 


.)56 


- I500 


X 




- 116. 170 


l.8d 


+ 91.200 


13.25 






♦ 15,330 


50,500 


.304 


— ^00 




4 


- 67,7O0 


HO 


*■ 5XAOO 


10.18 


♦ 32,000 


(• 


) 6.400 


49,500 


.332 


+• 900 


J 


3 


- 33.350 


.55 


+ Z6.XO0 


7.2 


22,60O 


N 


i 14,650 


48,700 


.301 


+ 2000 




2. 


- ll.OdO 




+ 9700 


4.31 


f 0.500 




+ »O.fi20 


49.500 


.224 


+ 3500 




) 





JOZ. 


+ 970 


).44 


♦ 4.500 




* 4170 


^asoo 


.086 


+ 45 00 




Ckdwn 





oo 











•f 


- J300 


4&500 


.OZl 


+ 3140 




I 





.OZ 


+ 310 




- 4,500 


¥ 


- 4«30 


4asoo 


.099 


priBoo""VI 




2. 


- S660 


.zo 


+- 9700 




- 13,500 




- \0.160 


4-a.6oo 


.221 


It 900 jl 


J 




- IT. 355 


.55 


+ 26,700 




- 22.600 


II 


- \A.555 


49,000 


.297 


1 •5| 






- 35,>^25 


\.\o 


♦ 55.400 




- 32.000 


•f 


- 15.325 


49,500 


.3»0 


|-eoo t\ 




5 


- 61.375 


1&9 


+ 3).200 




- 41.600 


U 


- 13.075 


30,000 


.261 


1 -1300 «l 


r 






- 99,075 


2.97 


+ I44.00fl 




- S2,)00 


H 


- 5475 


5o,too 


.)67 


1-2200 |j 


T 


- 155.150 


4.50 


*Z\»,000 




- 63.700 


W 


- 750 


5\.6O0 


.0»4 


1-3400 « 







- 295.600 


345 


■i-A\o,ooo 




- 3A300 


•* 


+ 2ft600 


55.200 


.5ia 


^7500_|. 




3nDH6 


-423.630 


\z.\o 


+5d6.000 




- 9Z500 


w 


+ 63,570 


&5.0O0 


1.01 





TABLE 12 
BEMDIM6 MOMEMTS, THK05T5 AMD 5HEAR5 



Ho* sa.soo \b». 
V©- o 

Mo- - 460 ft. lb*. DL+ l_L on Wnout 5pah 



PoiMT 


m 




Hoy 


X 


Vox 


Mo 


M. 


Thrust 


CccariTKic 

tft.l 




3nuw 


-663.630 


1^.10 


t 604.000 






-460 


+ 19.5)0 


70,000 


.266 


-3000 




8 


-475,600 


8.45 


i- 477.000 






H 


*• 940 


6X600 


.0\A 


-4500 




7 


-256.550 


450 


254.000 






«« 


- 3O)0 


6Z.000 


.040 


-1000 




6 


-167.8X5 


2L.97 


+ I68.OOO 






«• 


- 335 


60, 100 


,oose 


- 700 


s 

-» 


S 


- 105.175 


1.88 


106.000 






• 


Jt 36>5 


50,000 


X>ObZ 


- &00 




4- 


- 62.225 


1.10 


+ 62,100 






•1 


- 505 


57.000 


.o\o\ 


-eoo 


t 


3 


-30.155 


.55 


+ 31,100 






f 


+ 405 


57.100 


J00Q5 


"WOO 




2. 


- »O,O00 


.20 


+ 1 1. 300 






M 


■»-©40 


56,700 


j0\5 


-1400 


to 


I 





.02 


t J 130 






« 


+ 670 


5e.5oo 


X>\Z 


-I600 


-» 


CW>WM 








+ 






•1 


-460 


56,500 







-J 
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10. fh« thrxuBt He and moiaant H. at the oromx &u« to a 
Tariation of tamperatara of SCTf, wara ooaputad ae- 
fording to foznalaa on Page 243, T. & M. 
fha banding mamants, thruats, ahaara, and aeoantric 
distano aa at the cant era of the da diriaiona were 

found and entered in fable 12. 
Sba banding nement waa oompated froa fomnila 8, 
Page I. 9t H. The thrusts and shears were 
obtained graphioally aa shown on Plata fwo, the 
thrust being the oomponent of So raaolTad paral- 
lel to the aroh axia, and the ahear the oomponent 
parpendiaular to the axia. 



E - Z.OOO, 000 \\>s. in. » £ 06,ooq, ooo Ib5, »Q H 

c * ,ooooo& 
t - 2.0* F i: 
I - ^fen OF AXIS - QZ.' 
N - S 2j - \9.CT 

_ 26g.ooo,ooo C<?ogc>g>6) 2o(&;^^ g 
Ho — +• l&oo 



Ho * ± )6oo Ib^ ^forari^e in t«mp. —for -foil I 
Mo* 1^ AA-^o ft. \b5. -for ri5« in iewp. t for fall 
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TABLE \3 

BEMDme M0MEMT5.THRU5T5, SHEARS AMD ECCEriTK.IC DI5TAMCE5 
FOR. A IM TEMPEKATUR.E Of 20* F. 

V1#" *• \eoO Iba. 
Mo- --4.4.^0 f+. lb*. 



roiMX 


y 


Hoy 


Mt 






TAn«EriTiAL 
Ho • THRysT 




MORMAU 
COWPOHEKT Of 


DlSTAIKC 






+ 21.300 


f 17.410 


46*- 16' 


.691 


)2.50 


.723 


»300 


»?.9T 


d 




+- 15.200 


■f \o,"no 


37*- »4* 


.796 


)4.3 


.605 


lloo 


7.54 


T 


4.50 


+- ©, \0O 


+ 36 70 


24*-56* 






/V22 


ICO 


2.25 


6 


2.9T 


f 5350 


520 


20 •-03' 


.939 


I690 


.343 


62 


.545 


5 


1.06 


f 336O 


- )050 


t6--4.* 


.96J 


n3o 


.277 


500 


.607 


A 


1.10 


+ 1380 


- 2>I50 


12*- 24' 


.977 


I760 


i)5 




».39 


3 


.55 


+ 900 


-■3AS0 


5*-43' 


.966 


noo 


,)53 


zio 


1.94 


2 




+ ^60 


~-*070 


5'- 9' 


.996 


>790 


.090 


)€>0 


2.26 


1 


.oz 


+ 56 


-4394- 


r- 43' 


.599 


I ©00 


.030 


60 


2.44. 










- 4430 


0'- 0' 


).ooo 


J600 








2.4-6 



K.B»o»_-r5 roR. ft m XEMPCK-AxoRt ar.e of opposite 5»«>* 



11* Th% thrvrnt and moment due to the shortening of the 
aroh f^om thrust. Sable 14, were eompated fsrom 
formmlae 7 and 8, Page 843, and formula 9, Page 
344, T. & H. 

In foxmula 9 the quantity fe is found by the formu- 
la on Page 100, I. & H* , and is the arerage of the 
▼alues found for the orown, springing, and quarter 
point. 

nUi thrust due to rib shortening is negatire and 
deoreases the arerage oompressire stress due to 
dead lead, lire load, and tratperature ohange. 

He in this ease must be assumed and if the oomputed 
ralue is within 10^ of the assumed Talue, the as- 
sumed ralue is used; if not, another trial made. 

Two eases were oonsidered: first, that due to dead 
load, live load, rise of temperature, and rib 
shortening; seoond, that due to dead lead, live 
load, fall of temperature, and rib shortening. 
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Ho anpMo poe to k\o-5hoktcning rt>K ^ ri^e or t^mpei^tui^e 
To rmo 5c. A^^ui^E Ho • - 14-oo Ib^. 

Ho --i— K = _ ,555 Ib5. 

s 

Ho Alio Mo DUE TO f^m-^HOgTEWING FOf^ ^ Ff^LL. OF TEMPER ATOI^E 

Assume Ho--\3oo\b^. 
Ave fc cronn - — — « 27,3co 

ft 

^veefyee (27.300+17,200 + »d,6oo)-r3 « E4,37<5 
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TABLE 14. 
&ZnVm& M0MEJ1T5,TH1?.U5T5 AMD SHEARS 
DUE TO R.»B-^H0R.TEt1lrt6 





CASE X 


CASB ir 


Ho - - 1355 lb». 

Mo- +33 30 ft. lbs. 

Ratio- ^ ^-5Ho«TE«ms ^^^^^ 


Ho « - 1270 )b«. 
Mo- ■»-3»20 *+. »b«. 

Ho FOK TeM^eKAXURE 


POIHT 


BEifDir» HoNiNT 


Thr.o*t 




BEn0IM«KoHKNT 


TwRoaT 








- 9-^0 


- 9 0O 


- 12,300 


— 800 


- 920 




— S.IOO 


- )|00 


- 030 


- TGOO 


- \o\o 


- TTS 


7 


- Z160 


- 12.30 


- 570 


- 2590 


— wso 


- 535 




- Q>^0 


•- 12.70 




- C50 


- \ I90 


- AA-O 


S 


790 


- 1300 


-3ao 


+ 1AO 


— 


- 350 


A 


•»- I84.0 


- I320 


- 29<? 


+ n3o 


- )24-0 


- 275 


2> 


+ 2600 


- 


-200 


2430 


- )250 


- »90 


2. 


3060 


- \2>BO 


-120 


+ 2670 


- »260 


- 


\ 


^- 3300 


- 


- .45 


+ 3)00 


- 1270 


- AT. 


Croyvm 


+ 


- 1355 





+ 3J2-0 


- >270 






IS. She b«nding moments and thrusts du« to th« dlffsr- 
«nt conditions of loading, rise and fall in tem- 
perature, smd rib shortening, were then combined 
in Table 15 to determine the maximum stress con- 
ditions. 

Ihe headings of Table 16 are self-eoqplanatory. 
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13. The Shears were next tabulated in Sable 16. Ihe 
mazlnram posit lye shears are foxuxd by adding to 
ooltunn 5 the greatest positive shear in eoltunns 
1 to 4. 

Ihe maximum negative shears were found by adding 
to oolnmn 6 the greatest negative value in oolumns 
1 to 4. 

She shearing stresses were found to be small. 



TABLE »€> 

COMBJHATWnS or 5tt£AR5 AKD RE5l>LTm6 UMIT VALUES 
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1.50 


\1)0 
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14. Th« mazinram stresses due to the bending Doments and 
eooentrle distaneea In Table 16 were oompated. The 
formulae on Pages 98 to 100, S. & H. , were used to 
determine the maximum Talues. The table on Page 
98 was used to determine the ease under whioh the 
seotion fell. The quantities p and e were known 

E 

and from th«m and charts on Pages 287 and 288 the 
Talues of ]f/w were detexmined. 

formula 19 on Page 104, T. & M. , was used to deter> 
mine the tension in the steel, the ralue of k in 
the fozmula hayiiig been found from the diagram on 
Page 106, T. & H. 



TABLE IT 
MAXIMUM 3TRE55e3 



A - .0096 Sq. Ft 





Maximum Oomp«e*5ioh 

CmK I OR. CftSEir 
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Cask 
1 


h-d' 




Rh 


kh ' 






3b 




.002 


10.55 


101 


.3M 


1 


.114 


-71700 


6500 
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15. Abutment Stalgn. 

Aft«r the aroh ring had been analyied, the design of 

the abutment was taken up. 
Three oonditlons of loading were eonalAered, as fol- 

lows: 

1. D. -t- L. L. on half span opposite abutment. 

2. D.I.-<- L. L. on half span adjacent to abutment 

with L. L. orer abutment. 

S* D.I.-t- L.L. on whole span with L. L. orer abutment. 

Uethods described in Tolunn III of Eool's Beinforoed 
Concrete Construotion, Pages 54 to 57, were used as 
a guide. 

Load Conditions. 

Bearing power of soil « 5. 5 tons per square foot. 
Weight of concrete - 150 pounds per cubic foot. 
Weight of earth fill - 100 pounds per cubic foot, 
lies and ballast - 200 pounds per lineal foot, 
liye load - 600 pounds per lineal foot. 

The dimensions of the abutment, as well as the re- 
sultant thrusts, are shown on Plate Two. 

Oondition 1 was found to be the one giving the max! - 
Oram soil pressure* 

IVoa Plate Two the rertical component of the thrust 
on the base was found graphically to be 102,000 
pounds, and the eccentric distcmce 2.5 feet. 

Then soil pressure at the heel of abutment was de« 
texnined from formula „ , „ 



▲11 of the thrusts were found to strike within the 
middle third of the base. 
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ApproT«d, Jun^ 17, 1920. 

Associate Professor 
Structural Sngineerlng 
UniTerslty of Wisconsin 
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